The rate and extent of decomposition of soil organic carbon (SOC) is dependent on 25 substrate chemistry and microbial dynamics. Our objectives were to understand the influence of 26 substrate chemistry on microbial processing of carbon (C), and to use model fitting to quantify 27 differences in pool sizes and mineralization rates. We conducted an incubation experiment for 28 270 days using four uniformly-labeled 14 C substrates (glucose, starch, cinnamic acid and stearic 29 acid) on four different soils (a temperate Mollisol, a tropical Ultisol, a sub-arctic Andisol, and an 30 arctic Gelisol). The 14 C labeling enabled us to separate CO 2 respired from added substrates and 31 from native SOC. Microbial gene copy numbers were quantified at days 4, 30 and 270 using 32 quantitative polymerase chain reaction (qPCR). Substrate C respiration was always higher for 33 glucose than other substrates. Soils with cinnamic and stearic acid lost more native SOC than 34 glucose-and starch-amended soils, despite an initial delay in respiration. Cinnamic and stearic 35 acid amendments also exhibited higher fungal gene copy numbers at the end of incubation. We 36 found that 270 days was sufficient to model decomposition of simple substrates (glucose and 37 starch) with three pools, but was insufficient for more complex substrates (cinnamic and stearic 38 acid) and native SOC. This study reveals that substrate quality imparts considerable control on 39 microbial decomposition of newly added and native SOC, and demonstrates the need for multi-
Four uniformly-labeled 14 C substrates were used: glucose, starch, cinnamic acid and stearic acid, 155 representing several dominant C compounds present in plant litter and SOC, and spanning a 156 range of chemical lability. Glucose is a common simple sugar and starch is a common 165 166 We used five control (unamended) replicates of each of 4 soils for measuring native SOC 167 respiration. Two replicates were destructively harvested at days 4 and 30 and stored at -20˚C for 168 microbial community analysis. The three remaining replicates were monitored for respiration 169 until they were destructively harvested for community analysis at 270 days. An identical scheme 170 was used for the 4 different substrates to measure 14 CO 2 evolved from decomposition of 171 substrate and CO 2 evolved from native SOC. Our initial experiment thus had 4 soils each having 172 5 controls and five 14 C substrate additions, using 4 different substrates. Though we could include 173 only one replicate for the destructive sampling at day 4 and day 30 due to limitations of space, 174 soil, and 14 C substrate, we conducted three analytical replicates of the microbial community 175 measurements for these sampling times, and three experimental replicates for the 270 day 176 sampling time. 177 For the substrate addition experiments, 25 g (oven-dry basis) soils were amended with 178 0.4 mg C g -1 soil substrates which were labeled with 296 Becquerel g -1 soil U-14 C substrate. The 179 substrates were added in dissolved form and mixed well with the soil using a spatula. The final 180 moisture content of substrate amended and unamended samples were maintained at 50% WHC 181 with MQ water. The solvents were MQ water for glucose and starch, ethanol for cinnamic acid 182 and toluene for stearic acid. Organic solvents were used for cinnamic acid and stearic acid 183 because these compounds are sparingly soluble in water. We introduced only a small amount of 184 organic solvents to the samples (4 µL ethanol g -1 soil and 6 µL toluene g -1 soil) and our 185 preliminary experiments revealed that the solvents did not influence the microbial activities (Fig. 186 S1). 188 189 Specimen cups containing the substrate amended and unamended control soils were placed in 190 1L, wide mouthed glass jars, along with a glass vial containing 17 ml of 0.5 N NaOH solution to 191 trap the evolved CO 2 . The jars were tightly closed and incubated in the dark at 20 ºC for up to 192 270 days in a temperature and humidity controlled room. The NaOH solution was exchanged 15 193 times during the experiment at daily to weekly intervals in the first two months and monthly 194 intervals thereafter. The jars were sufficiently ventilated each time when they were opened for 195 NaOH solution exchange in order to avoid anaerobic conditions inside the jar.
Incubation experiments

Measurement of CO 2 respiration
196
The amount of total C respiration is defined as the sum of SOC-derived CO 2 and substrate-197 derived 14 CO 2 , where the control (unamended) samples have no contribution from substrate.
198
Total mineralized CO 2 was determined by titrating an aliquot of NaOH solution collected at each 199 sampling time with 0.5 N HCl by an automatic titrator (Metrohm USA). Before the titration, the 200 CO 2 collected in NaOH solution was precipitated as barium carbonate (BaCO 3 ) by adding 2 ml 201 10% barium chloride (BaCl 2 ). The volume of acid needed to neutralize the remaining NaOH 202 (unreacted with CO 2 ) was determined by the titration, which was used to calculate the 203 concentration of CO 2 trapped in the NaOH solution (Zibilske, 1994 for preparing the standard curves are described in Table S1 . gene copy numbers were also measured by qPCR and they were the lowest among the microbial 303 groups for all substrate types, soil orders and sampling times (data not shown Native SOC respiration was best modeled by the double pool exponential decay model.
309
Irrespective of the substrate treatments, the lowest proportion of the initial SOC was assigned to 310 labile pool (Pool 1) for the Andisol compared to other soils (Fig. 3A) . The size of Pool 1 was 311 greater for stearic acid and cinnamic acid amended soils than for control soils and soils with 312 other substrates. For the Gelisol and the Ultisol, cinnamic acid and stearic acid addition yielded 313 lower mineralization rate k 1 associated with Pool 1, while no difference was observed for the 314 Mollisol or the Andisol (Fig. 3B ). The mineralization rate k 2 corresponding to intermediate pool
315
(Pool 2) was statistically similar among the substrates for all soils, however, there was a notable 316 decrease in k 2 for the Andisol in comparison with other soils (Fig. 3C ).
317
Modeling of substrate-derived respiration data was strongly dependent on substrate 318 chemistry: a triple pool exponential decay model was the best fit for the substrate-derived C 319 respiration following glucose and starch amendments, whereas a double pool model was the best 320 fit following cinnamic acid and stearic acid amendment (Fig. 4) . When comparing modeled C 321 pools from cinnamic/stearic acid to glucose/starch amendments, Pool 1 of cinnamic/strearic acid 322 amended soils mostly equals or exceeds the combined size of Pool 1 and Pool 2 modeled from 323 glucose and starch respiration (Fig. 4A ). The mineralization rate k 1 associated with Pool 1 324 following glucose and starch amendments was one or two orders of magnitude greater than the corresponding k 2, which again was considerably greater than k 3 (Fig. 4B , 4C, 4D ). Mineralization 326 rate k 1 of cinnamic acid and stearic acid respiration was closer to the k 2 of glucose and starch 327 respiration, and the k 2 following cinnamic acid and stearic acid respiration was equal to or lower 328 than k 3 following glucose and starch addition. Since two types of models were needed to best fit In accordance with our hypothesis, substrate C mineralization rate and extent were influenced by 339 initial substrate quality (Fig. 1) . Indeed, the greatest mineralization of substrate C occurred 340 following glucose addition (52-60% of added C); and in the initial days after substrate addition, 341 we observed more rapid mineralization of C from glucose and starch than from cinnamic acid 342 and stearic acid (Fig. 1 (Broeckling et al., 2008; Chiginevaa et al., 2009; de Graaff et al., 2010) . Schaeffer, 2012). The proportion of C initially allocated for biosynthetic processes may take 364 more time to mineralize to CO 2 . Consequently, we observed continued evolution of 14 CO 2 even 365 after several months of incubation from all the added substrates (including the most labile 366 glucose), albeit at a slower rate. Therefore it is very likely that part of the added sugars may have 367 been used as biosynthetic precursors and those microbial byproducts contributed to the evolution 368 of 14 CO 2 during the later stages of incubation.
369
The metabolism of C substrates in soil is a function of microbial community structure, the 370 relative access that different groups of microbes have to these substrates (Schimel and Schaeffer, systematic, in: Sequencing and Hybridization Techniques in Bacterial Systematics, edited by: Table 1 . Sampling locations and pre-incubation soil properties. 
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